A B S T R A C T The presence ofneutrophils within the lung is a characteristic feature of a variety of lung diseases. To evaluate the potential role of alveolar macrophages in modulating the migration of neutrophils to the lung, normal human alveolar macrophages obtained from volunteers by bronchopulmonary lavage, were exposed for various periods of time in vitro to heat-killed microorganisms, and noninfectious particulates, immune complexes, and the macrophage supernates were evaluated for chemotactic activity. The microorganisms, noninfectious particulates, and immune complexes were chosen as stimuli for alveolar macrophages because these stimuli are representative of a spectrum of pathogenic agents that cause neutrophil accumulation in the lower respiratory tract. After incubation with each ofthese stimuli, alveolar macrophages released low molecular weight (400-600) chemotactic factor(s) (alveolar macrophage-derived chemotactic factor [s] [AMCF]) with relatively more activity for neutrophils than monocytes or eosinophils. Checkerboard analysis of the AMCF revealed that the factor was primarily chemotactic and not chemokinetic for neutrophils. The selectivity for neutrophils vs. monocytes could not be explained by a selective deactivation of monocytes, because the AMCF was more potent in deactivating neutrophils than monocytes. Partial characterization of AMCF demonstrated it was heterogeneous with the following features: (a) stable to heating at 56 and 100°C for 30 min; (b) stable over a pH range of 1.0 to 12.0 for 60 min; (c) stable after exposure to trypsin, papain, chymotrypsin, collagenase, and elastase; (d) partially inhibited by serum chemotactic factor inhibitor(s); (e) two major isoelectric points
INTRODUCTION
It has been well documented that an important function of the alveolar macrophage is to preserve the integrity of the lower respiratory tract by ingesting and eliminating pathogenic agents (1, 2) . Recent studies in animal models have suggested that the macrophage can amplify its role in defending the lower respiratory tract by secreting chemotactic factor(s) that recruit other types of inflammatory and immune effector cells, particularly neutrophils, to the alveolar structures (3, 4) . Such alveolar macrophage-derived chemotactic factor(s) (AMCF)' may have particular im-I Abbreviations used in this paper: AMCF, alveolar macrophage-derived chemotactic factors; BSA, bovine serum albumin; ECF-A, extracellular fluid; GS-MS, gas chromatography-mass spectrophotometry; HBSS, Hanks' balanced portance in the human lung, not only because of its role in lung defense, but also because the production ofAMCF may help explain the accumulation of neutrophils in alveolar structures in association with a variety of pathologic insults.
If the release of such chemotactic factor(s) for neutrophils does play an important role in human disease, their production should be associated with the interaction of the alveolar macrophage with those pathogenic agents known to cause neutrophil accumulation in the lower respiratory tract (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Since neutrophils appear in the lung within hours of a pathologic insult, it would be expected that AMCF would be released rapidly following interaction of the macrophage with a potentially injurious agent. In addition, because neutrophils are rarely found in the alveolar structures of normal lung, it is unlikely that the resting, unstimulated alveolar macrophage would release AMCF.
To evaluate the potential role of the alveolar macrophage in modulation of neutrophil migration to the lung in various disease states, we have examined the capacity of various pathogenic agents to stimulate normal human alveolar macrophages to generate and release chemotactic factor(s) for neutrophils. This was accomplished by obtaining alveolar macrophages from normal volunteers by bronchoalveolar lavage, culturing the macrophages with different classes of potentially pathogenic stimuli, and testing the macrophage supernates for neutrophil chemotactic activity.
METHODS
Preparation of blood leukocytes. Mononuclear cells and neutrophils were obtained from peripheral blood of normal volunteers by sedimentation in pyrogen-free Plasmagel (HTI Corp., Buffalo, N. Y.) followed by Hypaque-Ficoll centrifugation (15) . The resulting mononuclear cell suspensions contained >98% mononuclear cells of which -80% were lymphocytes and 20% were monocytes, while the polymorphonuclear leukocytes (PMN) suspensions contained >98% neutrophils. In those studies designed to evaluate the relative selectivity of the macrophage chemotactic factor for neutrophils compared with eosinophils, PMN suspensions were also obtained from three individuals with peripheral blood eosinophilia and allergic rhinitis secondary to a documented ragweed allergy. PMN suspensions from these three individuals contained 8-20% eosinophils and 80-92% neutrophils.
Bronchoalveolar lavage. Bronchoalveolar lavage was performed on six nonsmoking, healthy volunteers (mean age 21±1 yr) as previously described (7, 13, 14) . The cells were separated from lavage fluid by centrifugation, washed three times, and then evaluated for total number, viability, and differential count (14) . (All data are presented as mean + SEM).
Preparation of alveolar macrophages. In the six volunteers the average lavage fluid cell differential of these individuals included: 92±1% alveolar macrophages, 7+1% lymphocytes, and 1+1% neutrophils; eosinophils, basophils, and mast cells were not found. Viable mononuclear cells were further purified from the recovered cells by HypaqueFicoll density centrifugation; the resulting mononuclear cell suspensions were >98% viable and contained, on the average, 93% macrophages and 7% lymphocytes. These cell suspensions (referred to subsequently as "macrophages") were then adjusted to a concentration of 107/ml in RPMI-1640 (Microbiological Associates, Walkersville, Md.) and were used to generate the macrophage supemates, as described below.
Classes of materials used to stimulate alveolar macrophages. Three classes of materials were used to stimulate the alveolar macrophages obtained by bronchoalveolar lavage: (a) microorganisms; (b) noninfectious particulates; and (c) immune complexes.
Because some living microorganisms produce chemotactic factors (16, 17) , the microorganisms used in this study were heat-killed before use. Heat-killed Staphylococcus albus (National Institutes of Health microbiological service) was used as an example of a bacterial stimulus and zymosan (yeast cell walls) particles (Sigma Chemical Co., St. Louis, Mo.) were used as an example of a nonbacterial, particulate infectious agent. The S. albus were adjusted to a concentration of 5 x 108 organisms/ml in RPMI-1640. The zymosan particles were prepared as described by Fine et al. (18) , washed three times in Hanks' balanced salt solution (HBSS) , and resuspended in RPMI-1640 to a concentration of 1 mg/ml.
As an example of a noninfectious particulate, Sepharose-4B particles (Pharmacia Fine Chemicals, Div. of Pharmacia, Inc., Piscataway, N. J.) were used after washing the particles three times in HBSS and resuspending them in RPMI-1640 at a concentration of 10% by volume.
To evaluate the potential influence of opsonization on the ability of the microorganisms or Sepharose-4B to act as stimuli for the alveolar macrophages, the heat-killed S. albus, zymosan, and Sepharose-4B were opsonized by incubation in fresh normal human serum for 1 h at 37°C followed by three washings in RPMI-1640 and final suspension in RPMI-1640 at the concentrations described above.
Both soluble and particulate immune complexes were used as examples of immune complex stimuli. Soluble antigenantibody complexes were prepared from bovine serum albumin (BSA) and immunoglobulin (Ig)G anti-BSA antibody raised in rabbits. Antigen-antibody complexes were prepared at five times antigen-excess in RPMI-1640 and represented a total protein concentration of 1 Incubation of alveolar macrophages with various stimuli. To evaluate the production of chemotactic activity by alveolar macrophages, the macrophages were incubated in sterile tissue culture plates (24 wells/plate, 16 mm well Diam; Costar, Data Packaging, Cambridge, Mass.) at 37°C in 5% CO2 in air at 100% humidity on a rocker platform (Bellco Glass, Inc., Vineland, N. J.) (7 cycles/min) for various periods of time, either alone or in the presence of one of the several stimuli described above. The macrophage cultures were prepared by mixing 0.8 ml of RPMI-1640, 0.1 ml of the alveolar macrophage suspension, and 0.1 ml of the various stimuli in wells of the tissue culture plates. At various times (0, 0.5, 1, 2, 3, 4, and 18 h) after initiation ofthe cultures, the macrophage supernates were harvested by aspiration and filtered through 0.45-gm filters (Swinnex-13, Millipore Corp., Bedford, Mass.) to remove cells and the particulate stimuli. Control preparations for these experiments included supemates from alveolar macrophages alone and supemates from each of the stimuli alone. All supernates were stored at -20°C and were assayed within 2 wk of harvesting.
Evaluation of alveolar macrophage supernates for chemotactic activity. To evaluate the alveolar macrophage supernates for chemotactic activity directed toward neutrophils or mononuclear cells, a blindwell micropore filter chamber technique was used with nucleopore filters (3-Itm pore size for polymorphonuclear leucocytes, 5-,um pore size for mononuclear cells; Neuro Probe, Inc., Bethesda, Md.), as previously described (19) .
To insure that the migration of neutrophils across the membrane in response to the macrophage supemates was due to directed migration (chemotaxis) and not merely increased random migration (chemokinesis) (20) , in some experiments, varying amounts of the chemotactic stimulus were added to both the upper and lower compartments of the chamber.
To validate the results of these assays, chemotaxis was also evaluated using Sartorius filters (Sartorius AG, Gottingen, West Germany) in a leading front assay as previously described (4) and a chemotaxis under agarose assay (21) . The results obtained using the various chemotactic assays were comparable.
In order to compare the relative capacity ofAMCF to deactivate neutrophils vs. mononuclear cells, neutrophil and mononuclear cell suspensions were incubated with varying amounts of AMCF before their use in the chemotaxis assay. After incubation with AMCF at 37°C for 15 min, the cells were washed three times and placed in the upper compartment (cell) of the chemotaxis chamber. Into the lower compartment (stimulus) ofthe chamber was added 150 ,ul of either media alone (RPMI-1640), AMCF, N-formyl-Met-Leu-Phe (50 nM; Peninsula Laboratories, Inc., San Carlos, Calif.), or 5% endotoxin-activated serum (22) . The migration of both neutrophils and mononuclear cells across the nucleopore filter in response to each of these stimuli was then evaluated as described above.
To compare the relative chemotactic activity of the macrophage supernates for neutrophils vs. eosinophils, PMN suspensions containing both neutrophils and eosinophils were prepared as described above. For these experiments, a chemotaxis-under-agarose assay (21) was used, in addition to the nucleopore filter assay.
Partial characterization of AMCF. Molecular sieve chromatography of the alveolar macrophage supemates was performed on a 2.5 x 100-cm column of Sephadex G-25 (Pharmacia Fine Chemicals) and a 1.5 x 90-cm column of BioGel P-2 (Bio-Rad Laboratories, Richmond, Calif.). The columns were packed and eluted with 0.85% NaCl-40 mM phosphate, pH 7.4 phosphate-buffered saline (PBS) at 4°C. 3-ml fractions were collected and assayed directly for chemotactic activity using the nucleopore filter assay. The G-25 Sephadex column was calibrated with cytochrome C (12,500 mol wt), bacitracin (1,450 mol wt) and [3H]thymidine (242 mol wt). The Bio-Gel P-2 column was calibrated with vitamin B12 (1,350 mol wt) and [3H]thymidine.
Isoelectric focusing of AMCF was performed in a horizontal bed ofgranulated gel (Ultrodex; LKB Instruments, Inc., Rockville, Md.). A pH gradient of 2.5-9 was established using a composite of ampholytes (Bio-Rad Laboratories) at a final concentration of 2% (wt/wt) in the gel slurry (23) . AMCF partially purified by prior gel filtration was added to the granulated gel bed (3% vol/vol) before applications of electrofocusing current. Isoelectric focusing was carried out at 25 W, 5°C, for 16 h. The gel was then collected as 75-mm strips proceeding from anode to cathode. The pH of each step was determined and then eluted with 3 ml of PBS. The eluate from the gel strips was then assayed for neutrophil chemotactic activity as described above. Control isoelectric focusing was performed on alveolar macrophage supemates containing no chemotactic activity. Analysis of control runs demonstrated that the granulated gel-ampholyte focusing bed itself did not contain measurable chemotactic activity for neutrophils.
The heat stability ofthe AMCF was evaluated by heating the macrophage supemates for 30 min at 56 and 100°C. The sensitivity of AMCF to trypsin, chymotrypsin, papain, clostridial collagenase, and pancreatic elastase was evaluated by incubating the AMCF with each enzyme at a final concentration of 10 gg/ml for 30 min at 37°C. The papain, trypsin, and chymotrypsin were obtained from Sigma Chemical Corp., the elastase and collagenase were obtained from Worthington Biochemical Corp., Freehold, N. J. After this incubation, the enzymes were inactivated by heating for 15 min at 100°C.
The pH stability of the AMCF was evaluated by adjusting the pH of the supemates containing the AMCF to 1.0, 3.5, 7.4, 9.0, and 12.0 with 1 N HCI or NaOH. After 1 h of incubation, the pH of the supemates was readjusted to 7.4.
The solubility of AMCF in organic solvents was evaluated by extracting 5 ml of the macrophage supemates containing AMCF twice with equal volumes of ethyl acetate, ether, or hexane. Extraction into ethyl acetate was tested with the macrophage supernates adjusted to pH 3.5, 7.4, or 12.0; the ether and hexane extractions were performed with the macrophage supernate at pH 7.4. After each extraction, the organic solvents were dried with a stream of N2 and the extracted material resuspended in 5 ml of RPMI-1640. This material, as well as the remaining aqueous phages, were then tested for chemotaxis for neutrophils as described above. Before testing, N2 was bubbled through the aqueous phases to remove any residual organic solvent; the aq.ueous phases extracted with ethyl acetate were readjusted to pH 7.4. In all cases, >90% of the AMCF activity in the original macrophage supernates was recovered in the organic plus aqueous phases.
To determine whether supernates of the stimulated macrophages contained hydroxyl-derivatives of 5,8,10,14-eicosatetraenoic acid (HETE) (24) , AMCF present in 100 ml of a supernate of 108 stimulated alveolar macrophages was extracted into ethyl acetate and evaporated to a volume of 200 j.l with a stream of N2 as described above. The supernates were then analyzed for the presence of HETE by gas chromatography-mass spectrophotometry (GC-MS) in the same manner as described by Hamberg and Samuelsson (25) . Briefly, the extract was first treated with an excess of ethereal diazomethane and then, after evaporation of the solvents, the residue was silylated using an excess (200 ul) of bistrimethylsilyltrifluoroacetamide. A 2-,ul aliquot of this solution (1% of the total volume) was subjected to GC-MS analysis using a 3% OV-17 column programmed at 1°C/min, with an LKB-9000 combined GC-MS spectrometer.
The effect of a serum-derived chemotactic factor inhibitor on AMCF was tested by preparing the chemotactic factor inhibitor from normal human serum as described by Berenberg and Ward (26) . The chemotactic factor inhibitor (0.1) was mixed with macrophage supernate (0.4 ml), incubated at 23°C for 30 min, and then tested for chemotactic activity in the nucleopore filter assay.
Effect of AMCF on neutrophils. In addition to inducing neutrophils to follow a path of directed migration, the ability of AMCF to induce neutrophils to release a variety of products was evaluated. Three neutrophil products were evaluated (27, 28) ; lysozyme, 8-glucuronidase, and lactoferrin. For comparison, the release of lactic acid dehydrogenase (LDH), a cytoplasmic marker, was also determined.
To evaluate the influence of AMCF on these neutrophil products, 1-5 x 107 neutrophils (900 ul in HBSS) were placed in 12 x 75-mm plastic tubes containing a 3-pm chemotactic filter in the bottom of the tube (29) . Supernates (100 IL) from macrophages stimulated with Sepharose-4B were then added (yielding a final dilution of the macrophage supemate of 1:10), and the cells were incubated at 37°C for 0, 30, 60, or 120 min. Supernates of the neutrophil cultures were then harvested by passing the culture contents through 0.45-.um filters to remove the cells. As controls, supernates from unstimulated macrophages were incubated with the neutrophils as was media alone. The supernates from the stimulated macrophages were evaluated for lysozyme, ,f-glucuronidase, lactoferrin, and LDH.
Lysozyme activity was determined by measuring the rate of change of turbidity of a solution of Micrococcus lysodeikticus (Worthington Biochemical Corp.) at pH 6.2 (30).
,f-Glucuronidase was assayed by measuring the release of phenolphthalein from /8-glucuronate (Sigma Chemical Co.) after 6 h of incubation at pH 4.5 (31) . Lactoferrin was quantitated by radial immunodiffusion in agarose gels using rabbit antisera to human lactoferrin and purified human colostral lactoferrin (Calbiochem-Behring Corp., American Hoechst Corp., San Diego, Calif.) as a standard (32) . LDH activity was determined by measuring the rate of decrease of absorbance at 340 mm resulting from the oxidation of NADH during conversion of pyruvate to lactate (33) .
All statistical comparisons made using the two-tailed t test.
RESULTS
Ability of microorganisms and noninfectious particulates to stimulate alveolar macrophages to release AMCF. Supernates of normal human alveolar macrophages maintained in culture for 3 h did not contain chemotactic activity for neutrophils. In contrast, when these macrophages were cultured with heat-killed microorganisms (S. albus, zymosan) or noninfectious particulates (Sepharose-4B), supernates of these cells contained chemotactic activity for normal human neutrophils (Fig. 1) .
Prior opsonization of each of the particles with fresh human serum significantly increased their ability to stimulate the release of the chemotactic factor from alveolar macrophages ( Fig. 1 ; P < 0.01, all comparisons). Opsonization of the particles not only increased the amount of chemotactic factor released by stimulated macrophages but also increased the rate of release of the factor from the cells (data not shown). This increased chemotactic activity was clearly generated by the macrophages, because none of the opsonized particles alone (cultured without macrophages) possessed chemotactic activity.
Unstimulated macrophages maintained in culture for 0-4 h did not produce the chemotactic factor (Fig. 2) phages contained levels of chemotactic activity comparable to that of supernates derived from stimulated macrophages. The production of chemotactic factor by control macrophages cultured for 18 h can likely be ascribed to the stimulating effect of attachment and spreading on the culture dish; unstimulated macrophages kept in suspension for 18 h (by tumbling in plastic tubes) produced no chemotactic factor. Macrophage adherence to a plate was not critical for generation of the chemotactic factor, because stimulated macrophages kept in suspension by tumbling in plastic tubes produced AMCF (data not shown).
The ability of particulates to stimulate the macrophages to produce the chemotactic factor seemed to be associated with either phagocytosis of the particulate or attachment of the macrophages to the particulate. For example, the macrophages phagocytized S. albus and zymosan and they attached to the Sepharose-4B, all of which stimulated the macrophages to produce the chemotactic factor. In comparison, macrophages neither phagocytized nor attached to untreated ORBC and supernates ofthe macrophages plus ORBC cultures did not contain any chemotactic activity (Fig. 3) .
Ability sonized zymosan particles (Fig. 3) . The ability of immune complexes to stimulate the macrophages in this fashion seemed to be specific for IgG; macrophages exposed to IgM-coated ORBC did not generate the chemotactic factor. This specificity for IgG was probably associated with the ability of the IgG-immune complexes to interact with the macrophages as neither untreated ORBC nor IgM-coated ORBC formed rosettes with the macrophages. In contrast, the IgGcoated ORBC formed rosettes with, and were phagocytized by, the macrophages. However, the stimulation of the macrophages by the IgG-ORBC complexes was not simply due to the fact that the IgG-ORBC complexes were capable of interacting with the macrophages, since SRBC coated with IgM and complement could adhere to the macrophages but were not ingested and did not trigger chemotactic factor release. In comparison, IgG-coated SRBC were ingested by the macrophages and they were effective as IgG-coated ORBC in stimulating the release of the chemotactic factor (data not shown). General considerations of the AMCF. The supernates of the stimulated macrophages fulfilled the accepted criteria for being a chemotactic factor (20) . When the supernate was present on both sides of the filter (i.e., without a gradient), it increased the random migration of the neutrophils in proportion to its concentration (data not shown). However, when the supernate was present only on the stimulus side of the filter (thus creating a gradient), the numbers of neutrophils migrating through the filter at each concentration level were greater than that due to random migration alone.
Comparison of the relative activity of the chemotactic factor for neutrophils, monocytes, and eosinophils. To evaluate the relative chemotactic activity ofthe AMCF for neutrophils vs. monocytes, serial dilutions of the chemotactic factor were compared in their ability to attract neutrophils or monocytes to migrate across the micropore filter. The chemotactic factor possessed considerably more chemotactic activity for neutrophils than monocytes (Fig. 4) . To place this finding in perspective, the chemotactic activity of6 ,ul ofthe alveolar macrophage supernate was comparable to 90% of the activity of the endotoxin-activated human serum for neutrophils and 8% of the activity of the activated human serum for monocytes.
The preferential chemotactic activity of AMCF for neutrophils vs. monocytes could not be explained by a selective deactivation of mononuclear cells by the factor (Table I ). In fact, AMCF was more potent in deactivating neutrophils than monocytes. The deactivation of neutrophils by the AMCF was not selective for this factor, since these cells also exhibited decreased chemotactic migration to N-formyl-Met-Leu-Phe and endotoxin-activated serum. To compare the relative activity of the chemotactic factor for neutrophils vs. eosinophils, PMN cell suspensions containing both of these cell types were obtained from peripheral blood of three individuals with allergic rhinitis. For these studies, both the micropore filter assay and a chemotaxis-under-agarose assay were used. Both methods of analysis demonstrated that the chemotactic factor possessed more activity for neutrophils than eosinophils (data not shown).
Partial characterization of the chemotactic factor. Greater than 80% of the chemotactic activity of the macrophage supernates was stable to heating at 56°C for 30 min and 100°C for 30 min, at pH 1.0, 3.5, 9.0, and 12.0 for 60 min, and after exposure to papain (10 i&g/ml, 30 min, 37°C), trypsin (10 ,ug/ml, 30 min, 37°C), chymotrypsin (10 jug/ml, 30 min, 37°C), collagenase (10 4g/ml, 30 min, 370C), and elastase (10 jug/ml, 30 tactic factor with a serum-derived chemotactic factor inhibitor resulted in 90% decrease in the chemotactic activity of the macrophage-produced factor. Sephadex G-25 and Bio-Gel P-2 fractionation of the macrophage chemotactic factor revealed that the major portion (>75%) of the chemotactic activity of AMCF eluted with an apparent molecular weight of 400-600 (Fig. 5) . Isoelectric focusing of the AMCF (400-600 mol wt) revealed two major peaks of activity at pl, 7.6 and 5.2 ( Fig. 6) .
At least a portion of AMCF appeared to be composed of lipid. Extraction into organic solvents revealed that 75% of AMCF activity was removed from the macrophage supernates after extraction with ethyl acetate at pH 3.5, 80% with ethyl acetate at pH 7.4, 25% with ethyl acetate at pH 12, 60% with ether at pH 7.4, and 45% with hexane at pH 7.4 (Table III) . The activity that was removed from the macrophage supernates was recovered from the respective organic solvents. The chemotactic factor present in supernates of unstimulated macrophages at 18 h of culture exhibited similar solvent partition characteristics to the chemotactic factor which was present in supernates of stimulated macrophages at 3 h of culture (data not shown).
Because at least a portion of AMCF appeared to be composed of lipid, the macrophage supernates were further evaluated for the presence of hydroxylderivatives of HETE (products of the lipoxygenase pathway of arachidonic acid which are known to be chemotactic for neutrophils) (24) . GC-MS analysis of the macrophage supernates did not detect HETE at the 0.4 ng/ml level. Since a 1:10 dilution of the macrophage supernates has neutrophil chemotactic activity, and because prior studies by Goetzl et al. (33) FIGURE 6 Isoelectric focusing of the AMCF in a horizontal bed of granulated gel with a pH gradient of 2.5-9. The pH gradient was established using a composite of ampholytes at a final concentration of 2% (wt/wt) in the gel slurry. AMCF, partially purified by prior gel filtration, was added to the granulated gel bed (3% vol/vol) before application of the electrofocusing current (25 W, 5°C, 16 h). The gel was then collected as 75-mm strips proceeding from anode to cathode and each gel fraction was eluted with 3 ml of 0.85% NaCI-40 mM phosphate, pH 7.4. The eluate from the gel strips was then assayed for neutrophil chemotactic activity. Gel fractions from control experiments that did not contain AMCF demonstrated that the granulated gel-ampholyte focusing bed itself did not contain measurable neutrophil chemotactic activity.
Alveolar Macrophage-derived Chemotactic Factor if HETE is present, it is at a concentration 2.5 x 10-' less than the minimum 1 ,ug/ml level suggested by Goetzl et al.
Effect of the macrophage-derived chemotactic factor on neutrophils. In addition to inducing neutrophils to follow a path of directed migration, the macrophage chemotactic factor also stimulated human neutrophils to release lysozyme and lactoferrin but not f3-glucuronidase or LDH (Fig. 7) . Additional studies demonstrated that the lysozyme and lactoferrin found in the cultures of macrophage supernates plus neutrophils were derived from the neutrophils and not the macrophages. Direct evaluation of the supernates of stimulated macrophages demonstrated that: (a) although small amounts of lysozyme were present, it contributed to <5% of that found in the cultures of macrophage supernates plus neutrophils; and (b) no lactoferrin was present.
DISCUSSION
A number of acute and chronic lung disorders are characterized by the accumulation of neutrophils in the alveolar structures (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . The present study suggests that the alveolar macrophage plays a central role in modulating neutrophil migration to the lung by generating and releasing a low molecular weight chemotactic factor that preferentially attracts neutrophils. The release of AMCF can be triggered by microorganisms, noninfectious particulates, and immune complexes, each of which are models for lung disorders associated with neutrophil accumulation in the lower respiratory tract (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Because this chemotactic factor is generated rapidly following interaction of the macrophage with each of these pathogenic agents, its release may account for the accumulation of neutrophils in the lung soon after a pathologic insult. In addition, the fact that this chemotactic factor is not released spontaneously from unstimulated alveolar macrophages is consistent with the observation that neutrophils are rarely found in the lungs of normal individuals.
Characteristics of the chemotactic factor. Several lines of evidence demonstrated that the macrophagederived chemotactic factor was not related to any serum-derived chemotactic factor (34) (35) (36) (37) . First, it could be produced in the absence of serum or any serum component. Second, it was not inactivated by an anti-C5a antibody, demonstrating that it was not C5a, the major complement-derived chemotactic factor (data not shown) (37) . Third, the small molecular weight of the chemotactic factor distinguished it from the serum-derived chemotactic factors that are generated as a result of activation of the complement system, Hageman factor, or the kinin-generating system (34) (35) (36) (37) . These observations also suggest that AMCF was not derived from the action of macrophage-produced proteases on serum components in a manner analogous to PMN protease digestion of IgG (38) or C5 (39) .
In addition, it is unlikely that the macrophagederived chemotactic factor was related to the presence Release of lysozyme (O), f-glucuronidase *, LDH (0), and lactoferrin (0J) from neutrophils exposed for 2 h to supernates from unstimulated macrophages ("control") and supernates from macrophages stimulated with Sepharose-4B. The supernates from the macrophages stimulated with Sepharose-4B contained the chemotactic factor, whereas the supernates from the unstimulated macrophages did not. Assays for the release of lysozyme, f-glucuronidase, and LDH were performed with 107 neutrophils; "100% release," that amount of lysozyme, 13-glucuronidase, and LDH present in 107 neutrophils. The assays for the release of lactoferrin were performed with 5 x 107 neutrophils; "100% release," that amount of lactoferrin present in 5 x 107 neutrophils.
of chemotactic products of bacteria (16, 17) , because cultures of the lavage fluid from all of the normal volunteers were sterile as were the macrophage cultures themselves. Partial characterization of AMCF suggested that it was small (400-600 mol wt) and heterogeneous; two distinct peaks of chemotactic activity were obtained following isoelectric focusing (pl 7.5, 5.2). In addition, the partial solubility of the AMCF in various organic solvents suggests that at least 50-80% of the chemotactic activity may be derived from lipid factors.
Although AMCF appears to be at least partially lipid in nature, it is distinct from HETE (a previously described lipid chemotactic factor for neutrophils) (24) . GC-MS analysis of supernates of stimulated macrophages demonstrated that, if HETE was present in these supernates, it was at a concentration so low that it could not possibly have accounted for the neutrophil chemotactic activity of AMCF. Although these studies demonstrate that the majority of the chemotactic activity of AMCF is not due to HETE, it is possible that, under certain conditions, HETE may be obtained from alveolar macrophages, at least in some species. In this regard, Valone et al. (40) , utilizing techniques that were different from those used to isolate AMCF in the present study, demonstrated that rabbit alveolar macrophages are capable of producing HETE (40) .
The activity ofthe AMCF was stable at both acid and alkaline pH and following exposure to temperatures up to 100°C for 30 min. Like other chemotactic factors for neutrophils, the macrophage-derived chemotactic factor could be inactivated by the serum-derived inhibitor described by Berenberg and Ward (26) , suggesting that physiologic mechanisms may exist in vivo to regulate macrophage induction of neutrophil traffic to the lung.
The chemotactic factor derived from human alveolar macrophages closely resembles the small molecular weight neutrophil chemotactic factors derived from alveolar macrophages ofmonkey (3) and guinea pigs (4), suggesting few, if any, species differences exist. It is not known, however, whether these AMCF are distinguishable from the small molecular weight chemotactic factors present in transfer factor preparations (41) .
Evaluation of the specificity of AMCF demonstrated that it influenced the migration of several types of peripheral blood leukocytes including neutrophils, eosinophils, and mononuclear cells. However, its activity for neutrophils exceeded that of eosinophils and mononuclear cells. This is in contrast to the specificity of the small molecular weight peptide chemotactic factors derived from mast cells (ECF-A), which preferentially attracts eosinophils (42, 43) . Additional studies demonstrated that the bulk of the AMCF was not ECF-A. The low molecular weight chemotactic peptides derived from mast cells are acidic peptides that elute from Dowex-1 columns (Dow Coming Corp., Midland, Mich.) at pH 3.2 to 2.3 (43) . Isoelectric focusing of AMCF demonstrated no chemotactic activity at these isoelectric points. A low molecular weight (300-400) chemotactic factor with preferential activity for eosinophilic polymorphonuclear leukocytes has also been isolated from extracts to bronchogenic carcinomas and a renal cell carcinoma metastatic to the lung (44) . This factor differed from ECF-A derived from mast cells in that it eluted from Dowex-1 columns at pH 5.5 to 4.5 rather than 3.2 to 2.2. Isoelectric focusing of the AMCF revealed a similar peak of chemotactic activity with a pI of 5.2; however, the partial solubility of the AMCF in lipid solvents demonstrates that at least a portion of the chemotactic activity derived from macrophages is not identical to the factors derived from lung tumors. In addition, it is clear that the cell of origin of all of the chemotactic activity present in AMCF differs from that of the factors present in the lung tumors. Finally, the more basic chemotactic molecules (pI 7.6) that are present in the AMCF are clearly different from the ECF derived from mast cells or lung tumors, both in terms of their charge and solubility in organic solvents.
The AMCF stimulated both random migration as well as directed migration (chemotaxis) of neutrophils, thus fulfilling the accepted criteria for being a chemotactic factor. However, the macrophage supernates not only attracted neutrophils but, in addition, also stimulated neutrophils to release lysozyme and lactoferrin. This is of interest, because it suggests that the stimulated alveolar macrophage not only can amplify the inflammatory response by recruiting blood leukocytes but also by stimulating those leukocytes to discharge at least some of their stored products.
Stimuli for generation and release of the chemotactic factor. A wide variety of seemingly unrelated stimuli are capable of triggering the release of the chemotactic factor from alveolar macrophages. Each of these stimuli has a common effect on macrophages in that they all interact with the macrophage membrane. In the case of S. albus, zymosan particles, Sepharose-4B, and extended attachment to a plastic surface, the nature of this interaction is not clear. In contrast, the ability of immune complexes to trigger chemotactic factor release seems to be mediated specifically through the IgG-Fc receptor, because IgM EAC do not stimulate chemotactic factor release, even though they attach to the macrophage membrane via the macrophage C3b receptor. Interestingly, however, C3b on particulates does appear to increase the release of the chemotactic factor; serum-treated S. albus, zymosan, and Sepharose-4B all cause chemotactic factor release beyond that due to the particles themselves. Independent of the mechanisms by which these stimuli exert their influence on the macrophage to pro-duce the chemotactic factor, it is important that these stimuli are representative of a spectrum of pathogenic agents that cause neutrophil accumulation in the lower respiratory tract. Thus, the macrophage seems to have multiple means by which it can interact with pathogenic agents: first, it can phagocytize the agent; second, it can destroy it by secreting a variety of enzymes and other toxic materials; and third, it can enlist the aid of polymorphonuclear leukocytes by secreting a low molecular weight chemotactic factor.
